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storing and feeding power comprises an anomaly 
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quency in at least one of an input power and an output 
power of the storage battery, the temperature and the 
pressure in the storage battery, and an external force 
applied to the storage battery, and a short-circuit unit 
(102) for shorting both electrodes (104» 105) of the stor- 
age battery when an anomaly is detected in at least one 
of the input power, the output power, and the storage 
battery. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a protection apparatus or a safety apparatus for either a storage battery or a 
charge / discharge apparatus, further for an electrical apparatus using either a storage battery or a charge / discharge 
apparatus, and especially to a protection apparatus for a storage battery such as a lithium secondary cell including vol- 
atile or inflammable substances, an electric double-layer capacitor, and so on. 

[0002] A protection circuit to open an input / output portion of a storage battery when an anomalous increase of the 
10 temperature in the storage battery is detected by using a thermistor, etc.. has been disclosed, for example, in Japanese 
Patent Application Laid-Open Hei-6 203827. 

[0003] Fig. 19 is adiagram showing a conventional protection circuit. In this figure, numerals 1901, 1902, 1903, 1904, 
1905, and 1906 are a storage battery, the positive electrode terminal, the negative electrode terminal, a switch, a ther- 
mistor, and a charge /discharge unit, respectively. The positive and negative electrode terminals 1902 and 1903 of the 

15 storage battery 1901 are connected to the charge / discharge unit 1906 via the switch 1904. Moreover, the thermistor 
1 904 is provided in the storage battery 1901 , and detects the temperature in the storage battery 1 901 . The switch 1904 
is opened / closed according to the output of the thermistor 1905, and if the temperature in the storage battery 1901 
exceeds a preset value, the switch 1904 is opened, and the storage battery 1901 is electrically disconnected from the 
charge / discharge unit 1906. Furthermore, the positive and negative electrode terminals 1902 and 1903 of the storage 

20 battery 1901 are disconnected from an external circuit to stop charging / discharging of the energy. 

[0004] Also, to improve the safety of a battery, another conventional technique disclosed in Japanese Patent Applica- 
tion Laid-Open Hei-7 201 372 presents a diaphragm valve provided at a battery, for forcing the battery to the discharge 
state when the internal pressure of the battery increases and preventing the battery from exploding even if another 
shock is further given to the battery 

25 [0005] Fig. 20 shows a vertical section of the above-mentioned conventional diagram. The diagram shown in this fig- 
ure is composed of a valve element 2001, a metal film 2002, a battery case 2003, a resin layer 2004. a positive elec- 
trode piece 2005, a negative electrode piece 2006. and an insulation layer 2007. The upper surface of the valve element 
2001 is laminated with the metal film 2002. A part of the valve element 2001 is inserted into a hole provided in the bat- 
tery case 2003, and the metal film 2002 is positioned under both the positive electrode piece 2005 and the negative 

30 electrode piece 2006 via the insulation layer 2007 to electrically insulate the metal film 2002 from the electrode pieces 
2005 and 2006. Thus, if the internal pressure of the battery increases, the valve element 2001 and the metal film 2002 
expand. Consequently the metal film 2002 contacts the positive electrode piece 2005 and the negative electrode piece 
2006. and the positive and negative electrodes are electrically connected and shorted. 

[0006] In a conventional protection circuit, when a storage battery falls in an anomalous state, an input and an output 
35 portion of the storage battery are opened, that is, both electrodes are opened. Accordingly, inputting or outputting the 
energy is interrupted, and the storage battery is protected from actions of an external system. 
[0007] However, by opening both the electrodes, it is not possible to protect the storage battery against internal anom- 
alous phenomena of the storage battery, for example, against an short-circuit of the electrodes inside the battery due 
to the collapse of internal elements or the break-away of active substances. Furthermore, since the storage battery is 
40 isolated from external circuits, it has been impossible to protect the battery by forcing an internal reaction such as a 
thermal excursion to be suppressed. 

[0008] Furthermore, a portable storage battery sometimes is stored while being disconnected from a charge / dis- 
charge apparatus or an external electrical circuit. Also, it often happens that, by improperly using or adequately dispos- 
ing a storage battery, the battery is kept in a high temperature environment, or elements inside the battery are 
45 collapsed. 

[0009] Therefore, this conventional technique has a substantial problem in that it is impossible to protect a storage 
battery against an internal anomaly. 

[001 0] In the above conventional diaphragm valve in which the increase of the internal pressure is utilized to protect 
a storage battery, since the increase of the internal pressure indicates the generation of gas in electrolytic solution 
50 which occurs at the final stage of anomaly in the battery, the battery can not be used again after 4he diaphragm valve 
is once actuated. Moreover, since the increase of the internal pressure is small in a local anomaly such as a internal 
short-circuit, the diaphragm valve does not work against an internal local anomaly. 

[0011] As mentioned above, the conventional techniques have not been achieved based on a sufficient clarification 
for the assumable kinds of anomalies, that is: a process flow leading to each of the anomalies, the relationship between 
55 each anomaly and parameters to be detected for the anomaly the effectiveness of discharging the electric energy in an 
anomalous state of a storage battery for securing the safety of the battery, and a control method of discharging the elec- 
tric energy Therefore, the conventional techniques can present only an insufficient protection function, and their relia- 
bility and safety are also not sufficient. 
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[0012] Furthermore, since a charge / discharge apparatus capable of completely suppressing the occurrence of an 
anomaly is necessary to use a battery to which one of the above conventional techniques is applied, its operational flex- 
ibility is poor. 

[0013] Accordingly, it has been strongly required that a protection apparatus capable of protecting a storage battery 
5 before or in an early stage of the occurrence of an anomaly is developed based on the above-mentioned clarification 
for the assumable kinds of anomalies, and that the safety is secured against more various kinds of anomalies which 
may occur in the storage battery by a protection apparatus. 

SUMMARY OF THE INVENTION 

10 

[0014] The present invention has been achieved in consideration of the above-described problems, and Is aimed at 
providing a protection apparatus for a storage battery, by which the storage apparatus can be protected from actions 
given from the outside and an anomaly occurring inside the battery before or in an early stage of the anomaly, and the 
safety of the battery is secured from various kinds of anomalies, whereby the operational flexibility of the storage battery 

15 can be improved so that the storage battery can be also separately used in the same manner as a dry cell. 

[0015] A feature of the present invention established to attain the above object is a protection apparatus for storage 
battery comprising: an anomaly detection means for detecting an anomalous state in at least one of the voltage, a cur- 
rent flow, and the frequency in at least one of the input and output power of the storage battery, and the temperature 
and the pressure in the storage battery and an external force applied to the storage battery, the anomaly detection 

20 means provided in at least one of the storage battery, a charge / discharge apparatus connected to the battery and an 
electrical apparatus using the battery; and a short-circuit means for shorting the both electrodes of the storage battery 
when an anomaly is detected in at least one of the input power, the output power, and the storage battery. 
[0016] The above protection apparatus for a storage battery includes a means for performing one of a short-circuit 
operation and a open-circuit operation for the electrodes of the storage battery according to the state of the detected 

25 anomaly. 

[0017] In the above protection apparatus for a storage battery, the short-circuit means further includes a short-circuit 
condition controlling means for controlling at least one of a short-circuit current flow, the voltage, and a short-circuit 
resistance between the shorted electrodes. 

[0018] It is preferable that the short-circuit condition controlling means controls the short-circuit current flow between 
30 the shorted electrodes according to the temperature in one of the storage battery and the short-circuit means. 

[0019] The above protection apparatus for a storage battery protects the storage battery by shorting the electrodes 
and discharging the energy accumulated in the battery to suppress reactions generated in the battery when the protec- 
tion apparatus detects an anomalous state in at least one of the voltage, a cun-ent flow, and the frequency in at least 
one of the input and output power of the storage battery, and the temperature and the pressure in the storage battery, 
35 and an external force applied to the storage battery. 

[0020] Corresponding to the state of the detected anomaly, within a predetermined grade range of an anomaly, the 
above protection apparatus for a storage battery protects the storage battery from actions given from the outside by 
opening a terminal of at least one of the electrodes to interrupt the power input into or output from the battery. 
[0021 ] Moreover, if the anomaly goes out of the predetermined grade range of an anomaly, the above protection appa- 
40 ratus for a storage battery protects the storage battery by shorting the electrodes to suppress reactions generated in 
the battery 

[0022] If the short-circuit means further includes a short-circuit condition controlling means for controlling at least one 
of a short-circuit current flow, the voltage, and a short-circuit resistance between the shorted electrodes, the storage 
battery or the short-circuit means can be protected by controlling the speed or the amount of reactions generated in the 
45 battery. 

[0023] Thus, in accordance with the protection apparatus for a storage battery of the present invention, it is possible 
to protect the storage battery by interrupting actions given from the outside and suppressing reactions generated in the 
battery which can provide a safe storage battery provided with a protection apparatus of an outstanding operational 
flexibility. 

so 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

55 Fig. 1 shows a schematic composition of a protection apparatus for a storage battery of a first embodiment accord- 
ing to the present invention. 

Fig. 2 is a sequence diagram showing the process paths leading to each of anomalies which can be assumed in a 
lithium secondary battery 



3 

BNSDOCID: <EP 0926796 A 2_.l„> 



EP 0 926 796 A2 

Rg. 3 is an illustration of an internal short-circuit of the storage battery, which is caused by the shock applied from 
the outside. 

Rg. 4 shows a discharge characteristic curve under the condition of constant current in a general storage battery. 
Rg. 5 shows the relationship between the generating heat generated in a storage battery and the elapsed time 
when the internal short-circuit is caused by the shock applied from the outside. 

Rg. 6 shows a schematic coniposition of a protection apparatus for a storage battery of a second embodiment 
according to the present invention. 

Rg. 7 shows a schematic composition of a protection apparatus for a storage battery of a third embodiment accord- 
ing to the present invention. 

Rg, 8 shows the relationship between the resistance of a short-circuit means and the temperature in the short-cir- 
cuit means used in a protection apparatus for a storage battery of a fourth embodiment according to the present 
invention. 

Rg. 9 shows a schematic composition of a protection apparatus for a storage battery of a fifth embodiment accord- 
ing to the present invention. 

Rg. 10 shows a schematic composition of a protection apparatus for a storage battery of a sixth embodiment 
according to the present invention. 

Rg, 1 1 shows a schematic composition of a protection apparatus for a storage battery of a seventh embodiment 
according to the present invention. 

Rg. 12 shows a schematic composition of a protection apparatus for a storage battery of an eighth embodiment 
according to the present invention. 

Rg. 13 shows a schematic composition of a protection apparatus for a storage battery of a ninth embodiment 
according to the present invention. 

Rg. 14 shows -a schematic composition of a protection apparatus for a storage battery of a tenth embodiment 
according to the present invention. 

Rg. 15 shows a schematic composition of a protection apparatus for a storage battery of an eleventh embodiment 
according to the present invention. 

Rg. 16 shows a schematic composition of a protection apparatus for a storage battery of a twelfth embodiment 
according to the present invention. 

Rg. 1 7 shows a schematic composition of a protection apparatus for a storage battery of a thirteenth embodiment 
according to the present invention. 

Rg. 18 shows a schematic composition of a protection apparatus for a storage battery of a fourteenth embodiment 
according to the present invention. 

Rg. 19 shows a schematic composition of a conventional protection circuit for a storage battery 
Rg.'20 is a vertical section of a conventional diaphragm valve. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0025] Hereafter, details of embodiments will be explained with reference to the drawings. Here, the same reference 
numeral is attached to the same component in the drawings, and the same component is explained only in Its first 
appearance. 

[0026] Fig. 1 shows a schematic composition of the protection apparatus for a storage battery of a first embodiment 
according to the present invention. In this figure, the protection apparatus for a storage battery includes a storage bat- 
tery apparatus 1 01 . a short-circuit means 102. an anomaly detection means 1 03. a terminal A 104, a terminal B 1 05 a 
.current detector 1 06. a voltage detector 1 07. a temperature detector 1 08, a pressure detector 1 09. an electrode A 1 10, 
an electrode B 1 1 1 , a separator 112, and a bypass capacitor. 

[0027] The electrode A 1 1 0 and the electrode Bill are disposed opposite to each other via the separator 1 1 2. and 
are impregnated in electrolytic solution. Thus, the -electric energy is stored in the electrode A 1 10 and the electrode B 
1 1 1 . The terminal A 104 and thelerminal B 105 are connected to the electrode A 110 and the electrode Bill, respec- 
tively and power is Input in or output from the battery apparatus 101 via these terminals 104 and 105. The anomaly 
detection means 1 03 is provided between the electrodes A 1 10 and.B 1 1 1 , or in one of or between the terminals A and 
B, and the short-circuit means 1 02 and the bypass capacitor 113 are provided between the terminal A 1 04 and the ter- 
minal B 105. The short-circuit means 102 shorts the terminal A 104 and the terminal B 105 according to the result of 
detection performed by the anomaly detection means 103. Moreover, the bypass capacitor 1 13 bypasses power com- 
ponents of a frequency higher than a preset value so that the higher frequency components do not enter the battery 
apparatus 101 . The battery apparatus 101 is composed of the above-explained means, units, and devices. 
[0028] Meanwhile, the short-circuit means 102 can be composed by using a switching element such as a relay or a 
semiconductor device, for example, a MOB transistor. 

[0029] Moreover, the anomaly detection means 103 is composed of the current detector 106 using a shunt resistor 
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serially inserted in the terminal B 105 or a current transformer magnetically coupled with the terminal B 105, the voltage 
detector 107 using a resistive divider, the temperature detector 108 using a thermistor or a temperature fuse, and the 
pressure detector 109 using a piezoelectric element or a pressure switch. The kind o1 a sensing element used in each 
detector is determined corresponding to the assumed kind or degree of an anomaly. Here, it is also possible to integrate 

5 two or more detectors in one chip IC or one hybrid IC. 

[0030] Furthermore, the current detector 1 06 can be serially inserted in the terminal A 104. Although it is desirable to 
dispose the temperature detector 108 in a place such as the inside of electrode cores where the detector 108 can 
directly detect the temperature in the storage battery apparatus 101 , the indirect detection, for example, from the sur- 
face of a case of the storage battery apparatus 101 , is also possible. 

10 [0031 ] For determining the grade of an occurring anomaly, it is necessary to set a threshold value for each anomalous 
state to the anomaly detection means 103 or the short-circuit means 102. As for a different way, a comparator which 
compares a detected value with a reference value can be also used for determining the grade of an occurring anomaly. 
Moreover, it is also possible to integrate the anomaly detection means 103 and the short-circuit means 1 02 by using an 
sensitive elements reacting to current or the temperature, for examples, NTC material, a bimetallic element, and so on. 

15 [0032] By using the above-mentioned detectors, in all operational modes irrespective of charge / discharge mode or 
resting mode, if an anomaly occurs in the storage battery apparatus 1 0 1 , the anomaly detection means 1 03 detects the 
occurring anomaly, and the short-circuit means 1 02 shorts the terminal A 1 04 and the terminal B 1 05. Thus, it becomes 
possible to protect the storage battery and keep its high safety without causing a highly dangerous accident such as a 
break-down or an explosion by discharging the accumulated energy In the storage battery apparatus 101 to the outside 

20 or by preventing power with anomalous current or frequency from entering the storage battery. 

[0033] Furthermore, since over-current, over-voltage, or the anomalous increase of the temperature is prevented by 
bypassing power input to the storage battery 101 , it is possible to return the storage battery to the normal state before 
the internal pressure is increased by generation of gas. After an anomaly occurred in the storage battery and the anom- 
aly was subdued, the battery can be ordinarily used. 

25 [0034] Thus, the safety and the operational flexibility of the storage battery apparatus is outstandingly improved with- 
out using a complicated protection or charge / discharge control apparatus, and the storage battery of the present 
invention can be used almost as unit cell. 

[0035] In the following, the effectiveness of the method of shorting the output circuit for the storage battery for protect- 
ing the storage battery will be explained in detail. 

30 [0036] For example, a diagram showing sequence paths leading to anomalies which can be assumed in a lithium sec- 
ondary battery is shown in Fig. 2. Since the sequence paths complicatedly relates to anomaly inducing factors, reaction 
process, and reaction conditions, sequence paths different from the paths shown in this figure exist. In Fig. 2, only main 
sequence paths are shown for simple clarification. Here, thick solid lines, thin solid lines, and dotted lines indicate 
sequence paths in the storage or resting mode, the discharge mode, and the charge mode, respectively. 

35 [0037] As operational modes of the storage battery, there are three kinds of modes: that is, the storage or resting 
mode, the discharge mode, and the charge mode, as mentioned above. Process parameters indicating an occurrence 
of an anomaly, a current flow and the voltage of the storage battery, the frequency of the current flow or the voltage, the 
temperature and the pressure in the storage battery, the separation of lithium metal, and the external force of an oscil- 
lation or a physical shock. 

40 [0038] Firstly, one of sequence paths in the charge mode is explained as follows. That is, if over-voltage exceeding 
the rated value of the storage battery is applied to the storage battery, lithium metal is separated, and an explosion or 
a firing occurs in the storage battery, which is caused by reaction of the separated lithium metal with the electrolytic 
solution and other active substances. 

[0039] In another path, when over-current exceeding the rated current flows, or the voltage with a frequency higher 
45 than the speed of ion conduction is applied to the storage battery, the temperature in the battery is increased by the 
internal loss beyond a permitted level, the electrolytic solution is decomposed, and finally, the pressure in the battery 
increases. Also, the electrolytic solution is decomposed by over-charge more than the voltage corresponding to the 
decomposition voltage of the electrolytic solution, which causes the increase of the pressure in the battery. The.above 
processes are repeated and accelerated, and a thermal excursion also occurs. Finally, the accumulated pressure is dis- 
50 charged, which causes a.rupture or a liquid leakage. 

[0040] In the above state, if there exists a fire-making source such as the high voltage kept between the electrodes, 
the process goes to an explosion or a fire. 

[0041 ] Next, in the discharge mode, similarly to the anomaly due to over-current or the voltage with a frequency higher 
than the rated frequency in the charge mode, the process goes to a rupture, a liquid leakage, an explosion, or afire via 
55 the increase of the internal temperature and pressure. 

[0042] Therefore, it seems that when an anomaly occurs in the storage battery, the progress of the anomaly can be 
prevented by disconnecting the storage battery from external systems and stopping the feed of energy to the battery. 
[0043] However, if the anomalous reaction thoroughly progresses and a thermal excursion occurs, the disconnection 
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of the storage battery from the external systems can not suppress the internal anomalous reactions. 
[0044] Furthermore, in the resting or storage mode in which the storage battery is disconnected from the external sys- 
tems, it sometimes occurs that the process goes to a rupture, a liquid leakage, an explosion, or a fire via the increase 
of the temperature and pressure, which is due to a physical break-down caused by a fall, a vibration, heating of the bat- 
5 tery, and so on. or by the increase of the open air temperature. 

[0045] Therefore, it is not a radical counter-measure that when an anomaly occurs in the storage battery, feeding the 
energy to the storage battery is stopped. 

[0046] Moreover, it may happen that although the storage battery receives over-current, over-voltage, or the voltage 
with a frequency higher than the rated frequency, the increase of the pressure or the separation of lithium metal is not 
10 caused, and the process does not go to a rupture, a liquid leakage, an explosion, or a fire. However, in the above situ- 
ation, the performance degradation or the malfunction of the battery such as the degradation of its life time or capacity 
frequently occurs frequently. 

[0047] For example, the separation of lithium metal, what is called the dendrite of lithium, due to over-current or over- 
voltage, causes the degradation in the efficiency of discharge, the maximum charge / discharge current, the capacity, 
15 or the life time. Furthermore, it may occur that the self-discharge due to the increase of micro-short-circuits increases. 
Moreover, in an over-charge state in which over-voltage is applied to the storage battery for a long time, since the elec- 
trode active material, especially the positive electrode active material, deteriorates, the performance and the character- 
istics of the storage battery also degrade. 

[0048] Accordingly, it is indicated that it is necessary to detect an anomaly at an early stage by monitoring the voltage, 
20 current, a frequency of the voltage, the temperature, or the externally applied force, in order to quickly return the storage 
battery to a normal state for protecting the battery when an anomaly occurs. 

[0049] Especially, since the increase of the internal pressure occurs at the final stage of the progress of an anomaly, 
and a rupture or a liquid leakage is at least caused, the storage k^attery cannot be used again. Thus, it was found by the 
inventors that monitoring the temperature is effective for preventing the increase of the internal pressure- 
's [0050] Furthermore, discharging the energy by simply shorting the electrodes causes over-current, and it is danger- 
ous on the contrary. Therefore, discharging the energy by shorting the electrodes should be controlled so as not to 
cause over-current. 

[0051 ] By taking up an anomaly in which the storage battery receives the external shock and physically breaks down, 
as an example, the internal reaction is explained for both cases of shorting and opening the electrodes below.. 
30 [0052] Fig. 3 illustrates an example of an internal short-circuit state of the storage battery, which is caused by the 
shock applied from the outside. In this example, the electrode B 111 breaks through the separator 1 1 2 and contacts the 
electrode A 1 10. Thus, a short-circuit occurs inside the storage battery. 

[0053] Fig. 4 shows a discharge characteristic curve under the condition of constant current in a general storage bat- 
tery. The comparatively stable voltage is kept by a definite time, and the voltage rapidly decreases aftenward. 
35 [0054] Fig. 5 shows the relationship between the heat generated in a storage battery and the elapsed time, when an 
internal short-circuit is caused by the shock applied from the outside. The dotted line shows changes of the generated 
heat when opening the output circuit of the battery in the occurrence of the internal short-circuit, and the solid line 
shows changes of the generated heat when shorting the output circuit.of the battery in the occurrence of the internal 
short-circuit 

40 [0055] Generally, in the chemical reaction caused in the storage battery, the endothermic reaction occurs in the 
charge process, and the exothermic reaction occurs in the discharge process. For example, in a lithium secondary bat- 
tery in which cobalt and carbon are used for the positive and negative electrodes, respectively, the reaction is expressed 
by the following chemical reaction equation. 

45 . 

char-ge (-A Qc) 
LiCoOj + Cy^rrLii.,CoO, + CyLi, (1) 

so 

discharge ( + A Q^) 



55 [0056] Therefore, in the discharge mode, the exothermic reaction heat A Qc is generated, which is proportional to the 
charge quantity of discharge or the product of discharge current and discharge time. Moreover, the resistance loss heat 
Qw is added to the generating heat A 0^. which is determined by the product of the discharge current and the Internal 
resistance due to the mobility of the electrolytic solution, and the resistance of the surface phases at the electrodes and 
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the collector 

[0057] Firstly, in the state of the internal short-circuit shown in Fig. 3, if the output circuit is opened, the generating 
heat Qs expressed by the following equation is further added to A Q^. and Qy^- 

5 . Qs = V^/Rs (2). 

where V and Rs are the voltage of the storage battery and the resistance of the internal short-circuit part, respec- 
tively 

[0058] Since the contact at the Internal short-circuit part is not tight, the resistance at the internal short-circuit part is 
10 comparatively large. Accordingly, as shown in Fig. 4, the charges accunnulated in the storage battery cannot be imme- 
diately discharged, and the stable high voltage state continues for a long period. Therefore. A Qc, Qw. anci Qs increase 
proportional to time for the period. Thus, the total generating heat Wq expressed by the following equation also 
increases in proportion to time as shown by the dotted line in Fig. 5. 

15 W^ = AQ^ + Qw + Qs (3) 

[0059] The relationship among amounts of the above generated heat depends on the resistance of the internal short- 
circuit part and the internal resistance, and approximately satisfies the following inequality. 

20 Qs>AQc>Qw (4) 

[0060] However, if the state in which the generated heat exceeds the heat dissipated from the surface of the battery 
case continues, the internal state of the storage battery goes beyond the critical heat generation level at which it is not 
possible to stably operate the storage battery, and the process finally goes to a rupture, a fire, or an explosion. 
25 [0061 ] Furthermore, if the voltage is kept in the storage battery yet, and this voltage may cause a fire. Also, since the 
high voltage or the increase of the pressure activates the internal reaction, the critical heat generation level causing a 
fire or an explosion becomes lower, which easily causes the highly dangerous reaction such as a fire, an explosion, and 
so on. 

[0062] On the other hand, if the output circuit is shorted, since the amount of charges output from the battery is large, 
30 the exothermic reaction heat A 0^ becomes larger than the joule heat Qs generated at the internal short-circuit. More- 
over, the generating heat Qw due to the discharge current also increases. Thus, the relationship among values of the 
above generated heat is expressed by the following inequality. 

Qi_, AQc >Qw >Qs (5). 

35 

where Ql is the heat generated at the shorted part of the output circuit. Also, the total generating heat W is 
expressed by the equation; 

W = A Q(.+Qyy + Qs + Ql (6) 

40 

[0063] Therefore, the internal generating heat Wi_ is expressed by the equation; 

W^=W^-AQc (7) 

45 [0064] As shown by the solid line in Fig. 5, although the internal generating heat Wj_ increases at the comparatively 
high rate in proportion to time, it is clearly seen in Fig. 7 that Wl < W^. 

[0065] The duration period of heat generation is shortened by the time corresponding to the energy consumption A 
Qc- In addition, since the decrease of the current and voltage is caused by the decrease of the accumulated energy in 
the t:>attery. which causes the rapid decrease of the generated heat amount, the duration period of heat generation is 
50 further shortened. It means thatihe state of the battery can be quickly stabilized before its break-down, and the dan- 
gerous period can be also shortened. 

[0066] Furthermore, if the voltage and the energy accumulated in the storage battery becomes smaller, the probability 
that a break-down or an explosion of the battery will occur decreases, and the reactivity for chemical reaction also 
decreases. Accordingly, since the critical heat generation level increases, the conditions of the battery become safer 
55 [0067] Similarly in occurrence of an anomaly other than the internal short-circuit also, it is obvious that since the dan- 
gerous period can be also shortened by shorting the output circuit and discharging the accumulated energy, and the 
reactivity for chemical reaction also decreases, which increases the critical heat generation level, the storage battery is 
quickly stabilized to a safe state. 
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[0068] On the other hand, in the storage battery of a large capacity, even if the output circuits of the terminals A 104 
and B 105 are shorted, since it takes much time to discharge the accumulated energy, the generating heat may exceed 
the critical heat generation level, and the discharge time may also exceed the critica! time, before the generating heat 
begins to decreases. If the short-circuit resistance is reduced to discharge the accumulated energy for a short period, 
and the discharge current is increased, the reaction heat A Qc exceeds the heat dissipation ability of the storage battery 
apparatus 101, and the generating heat also exceed the critical heat generation level. Therefore, it is necessary to 
design so that the short-circuit means possesses a large rated current, which increases the size of the short-circuit 
means. 

[0069] Accordingly, in the storage battery of a large capacity it is necessary to select the value of the short-circuit 
resistance between the terminals A 104 and B 105 such that the discharge current does not increases the generating 
heat beyond the critical heat generation level by taking the generating heat A Qc, Qw. and Qs, and the heat capacity 
and the heat dissipation ability into consideration. Otherwise, it is necessary to control the short-circuit current so that 
the short-circuit means is not melted down by the short-circuit current, and so that the scale of the short-circuit is 
increased. 

[0070] Fig. 6 shows a schematic composition of the protection apparatus for a storage battery of a second embodi- 
ment according to the present invention. In this figure, the protection apparatus further includes a short-circuit condition 
controlling unit 601 , a reference-voltage generating device 602, a current-anomaly determining device 603, a voltage- 
anomaly determining device 604, a temperature-anomaly determining device 605, a pressure-anomaly determining 
device 606, and a short-circuit controlling unit 607. 

[0071] The short-circuit condition controlling means 601 Is inserted between the short-circuit means 102 and the 
anomaly detection means 103. Furthermore, the short-circuit condition controlling means 601 examines the value 
detected by the anomaly detection means 103, and controls the current flowing in the short-circuit means 102 (short- 
circuit current), the voltage in the short-circuit means 102 ( short-circuit voltage), or the resistance of the short-circuit 
means 102 (short-circuit resistance.) 

[0072] According to this embodiment by controlling the irrternal temperature and the current flowing in the short-cir- 
cuit means 1 02. it becomes to secure the protection and safety of the storage battery and the short-circuit means 1 02. 
Especially the control method of this embodiment is effective for the storage battery of a large capacity or the storage 
battery in which the charging amount is always changed. 

[0073] In this figure, the anomaly detection means 1 03 is composed of the current detector 1 06 using a shunt resistor, 
the voltage detector 107 using a voltage dividing resistor, the temperature detector 108 using a thermistor, and the pres- 
sure detector 109 using a piezoelectric element, and the anomaly detection means 103 can detect an anomalous value 
in each of the current, the voltage, the temperature, and the pressure of the storage battery 

[0074] Also, the short-circuit means 1 02 is composed by using a MOS transistor, and it is possible to change the cur- 
rent flowing in the MOS transistor, the voltage between both terminals of the MOS transistor, which is determined by 
the product of an ON-resistance and the current flowing in the MOS transistor, and the ON-resistance by changing the 
gate voltage of the MOS transistor. 

[0075] Furthermore, the short-circuit condition controlling means 601 consists of the reference-voltage generating 
device 602, the current-anomaly determining device 603, the voltage-anomaly determining device 604, the tempera- 
ture-anomaly determining device 605. the pressure-anomaly determining device 606, and the short-circuit controlling 
unit 607. 

[0076] In this embodiment, the reference-voltage generating device 602 is composed by using a reference-voltage 
source. Moreover, each of the current-anomaly determining device 603, the voltage-anomaly determining device 604, 
the temperature-anomaly determining device 605, and the pressure-anomaly determining device 606 is composed by 
using a differential operation amplifier, and the short-circuit controlling unit 102 is composed by using a multiplier. 
Therefore, the output of the multiplier changes in response to the change of the difference between the output of each 
detector and the reference voltage, and the gate voltage of the MOS transistor, that is, the short-circuit means 102. is 
changed. 

[0077] Furthermore, by respectively setting a gain of each operation amplifier or a reference voltage to each amplifier, 
it is possible to perform the weighting for each kind of anomalies (anomalous changes of current, voltage, temperature, 
and pressure), or to change the priority for each of the anomalies. Thus, it becomes possible to respond to a compli- 
cated anomaly or a complicated reaction in the storage battery. 

[0078] Also, it is possible to compose the reference-voltage generating device 602 by using a reference-voltage 
source, each of the current-anomaly determining device 603. each of the voltage-anomaly determining device 604, the 
temperature-anomaly determining device 605, and the pressure-anomaly determining device 606 by using a compara- 
tor, and the short-circuit controlling unit 102 by using an OR gate. 

[0079] In the embodiment using the OR gate, if any one of the outputs of the detectors exceeds a reference value 
input from the reference-voltage generating device 602, the output of the OR gate is turned on. and it further drives the 
short-circuit means 102. On the other hand, if ail of the outputs of the detectors decreases to values lower than their 
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reference values input from the reference-voltages generating device 602, the output of the OR gate is turned off, and 
it further turns off the short-circuit means 102. 

[0080] As mentioned above, the short-circuit condition controlling unit 601 includes each state-anomaly determining 
device and the reference-voltage generating device 602. and if any one of signals input to the state-anomaly determin- 

5 ing devices from the anomaly-state detectors exceeds the preset value, the short-circuit condition controlling unit 601 
turns on the short-circuit means 102. Furthermore, if all of the signals decrease below their reference values, the con- 
trolling unit 601 turns off the short-circuit means 1 02. Therefore, although the protection function of the protection appa- 
ratus for a storage battery operate when an anomaly is detected, if the anomalous state is stabilized, the protection 
function is reset, and the storage battery can start its normal operation. 

10 [0081] Thus, it becomes possible to discharge only a part of the accumulated energy and maintain the rest of the 
energy in the battery, which can reduce the unnecessary consumption of the accumulated energy. 
[0082] For discharging only a part of the accumulated energy and maintain the rest of the energy in the battery, it is 
also possible to set an off-set voltage in the short-circuit means 102 or to keep the voltage of the short-circuit means at 
a constant value by using the short-circuit controlling unit 607. 

15 [0083] Furthermore, by a plurality of short-circuit condition controlling units, it is also to perform rriultilevel protective 
operation: that is, to perform a protective operation by which the storage battery can restart if an anomaly of a grade 
lower than a predetermined level occurs, and to perform another protective operation by which the storage battery can- 
not restart if an anomaly of a grade higher than another predetermined level occurs. 

[0084] Here, if at least two of the short-circuit means 102. the anomaly-state detectors, and the short-circuit control- 
20 ling unit 607 are implemented by an IC, the protection apparatus for a storage battery can be simplified and downsized, 
and a fabrication cost of the protection apparatus can be also decreased. 

[0085] Thus, according to the protection apparatus for a storage battery of this embodiment, it is possible to protect 
the storage battery apparatus 101 in all operational modes irrespective of the charge mode, the discharge mode, or the 
resting mode. Moreover, the operational flexibility of the storage battery apparatus 101 can also be improved. 
25 [0086] In addition, the protection or the safety of the storage battery can be secured against a complicated anomalous 
state, and a unnecessary consumption of the accumulated energy can also be avoided. 

[0087] Fig. 7 shows a schematic composition of a protection apparatus for a storage battery of a third embodiment 
according to the present invention. In this figure, numerals 701 and 702 indicate an OR gate and a differential amplifier, 
respectively. 

30 [0088] Also, the reference-voltage generating device 602 is composed by using a reference-voltage source, and each 
of the voltage-anomaly determining device 604, the temperature-anomaly determining device 605, and the pressure- 
anomaly determining device 606 is composed by using a comparator. 

[0089] Moreover, the short-circuit controlling unit 607 is composed by using the OR gate 701 and the differential 
amplifier 702. the outputs of the state-anomaly determining devices are input to the OR gate 701, and the OR logic 
35 processing are executed to these outputs. Furthermore, the output of the OR gate 701 and the output of the tempera- 
ture detector 108 are input to the positive and negative input terminals of the differential amplifier 702, respectively, and 
the output of the differential amplifier 702 is further input to the gate of the MOS transistor of the short-circuit means 
102. 

[0090] According to this composition, if at least one of the voltage-anomaly determining device 604. the temperature- 
40 anomaly determining device 505, and the voltage-anomaly determining device 606 outputs an anomaly signal, the 

MOS transistor is turned-on. and the MOS transistor shorts the output circuits of the storage battery apparatus 101. 

However, if the temperature in the tjattery increases and the output of the temperature detector 108 becomes higher. 

the input voltage of the drfferential amplifier 702 becomes lower. Consequently, the output of the differential amplifier 

702, that is. the gate voltage of the MOS transistor, becomes lower, and the current flowing in the MOS transistor 
45 decreases accordingly. 

[0091 ] Espedaliy. if the MOS transistor is us^ in the faiear range, the current flowing in the transistor changes in pro- 
portion to the gate voltage. Therefore, the short-circuit current flows inversely as the temperature in the battery. More- 
over, since thetemperature is negatively fed back to the short-circuit current, the self-heating in the battery, which is due 
to the discharge, can be reduced. Thus, it becomes possible to reliably protect the storage battery against a tennpera- 
50 ture-anornaly. an over-charge:anomaly, an over-current anomaly, or the application of voltage with a frequency higher 
than the rated level, which cause the temperature anomaly. 

[0092] Also, although the temperature detector 108 is positioned in the storage battery apparatus 101, it is possible 
to control the current flowing in the short-circuit means 102 based on the detected changes in the temperature due to 
the current flowing in the short-circuit means 102 by placing the temperature detector 108 near the short-circuit means 
55 102. Accordingly, in addition to the protection of the storage battery, it becomes possible to protect the short-circuit 
means 102 itself, 

[0093] Fig. 8 shows the relationship between the resistance of a short-circuit means and the temperature in the short- 
circuit means used in the protection apparatus for a storage battery of a fourth embodiment according to the present 
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invention. In this figure, the resistance begins to decrease when the temperature exceeds the fist temperature T1 , and 
becomes constant when the temperature is beyond the second temperature T2. Furthermore, the resistance begins to 
increase again when the temperature exceeds the third temperature T3, and becomes constant when the temperature 
is beyond the fourth temperature T4. Here. T1 < T2 < T3 < T4, 

5 [0094] By using a resistor of the resistance with the above temperature-property for the short-circuit means 102, the 
resistance value of the short-circuit means 1 02 rapidly decreases beyond the temperature T1 corresponding to the tem- 
perature-anomaly level, and the accumulated energy is discharged from the storage battery apparatus 101. However, 
the discharge progresses, and when the temperature increases to the temperature T4 indicating the dangerous state 
of the storage battery apparatus 101. which is caused by the self-heating of the storage battery apparatus 1 01 , or an 

10 further heating from the outside of the storage battery apparatus 101 , the resistance value increases to the value cor- 
responding to the open-circuit state, and the discharge is stopped. Furthermore, when the temperature in the storage 
battery apparatus 101 decreases again, the discharge restarts. Thus, it becomes possible to reliably protect the storage 
battery at the occurrence of a temperature anomaly, an over-charge anomaly, an over-current anomaly, or the applica- 
tion of voltage with a frequency higher than the rated level, which causes the temperature anomaly. 

15 [0095] Also, the short-circuit means possesses a definite resistance value in the temperature range o1 T2 to T3. 
Accordingly, since the self-increase of temperature is caused by the current flowing in the short-circuit means 102, the 
level of current flowing in the short-circuit means 102 can be also restricted. Thus, in addition to the protection of the 
storage battery, it becomes possible to protect the short-circuit means 1 02 itself. 

[0096] The above-mentioned performance of the short-circuit means 1 02 can be also realized by controlling the short- 
20 circuit means 102 with using the short-circuit condition controlling unit 601. Furthermore, this performance is also pos- 
sible by using a component which is fabricated by integrating material such as semiconductor with a negative thermal 
coefficient (NTC) and material such as metal with a positive thermal coefficient (PTC.) Also, this performance can be 
also easily realized by using a component which is fabricated by serially connecting a NTC element and a PTC element. 
By using the above conponent. it Is possible to integrate the anomaly detection means 103, the short-circuit condition 
25 controlling units unit 601, and the short-circuit means 102 in one device, which makes the protection apparatus for a 
storage battery smaller and simpler, and outstandingly reduces a fabrication cost of the protection apparatus. 
[0097] Fig. 9 shows a schematic composition of the protection apparatus for a storage battery of a fifth embodiment 
according to the present invention. In this figure, numeral 901 indicates an open-circuit means. 
[0098] The open-circuit means 901 is serially inserted in the terminal B 105, and the short-circuit means 102 and the 
30 anomaly detection means 103 are provided between the electrode 1 10, and the electrode 1 11 and the open-circuit 
means 901 . 

[0099] By using the above composition, even if the open-circuit means 901 is turned to the open-circuit state, the 
short-circuit means 102 and the anomaly detection means 103 can function. 

[0100] In the state in which the storage battery apparatus 101 is connected to an eternal circuit such as a charge / 
35 discharge apparatus, if the short-circuit means 102 is turned to the short-circuit state, since the current flowing in the 
short-circuit means 102 increases, it is necessary to compose the short-circuit means 102 so as to have a large rated 
current. Moreover, a protection circuit is generally provided in an external circuit against a short-circuit in a battery to 
which the external circuit is connected. However, if an external circuit possesses the above protection circuit in itself 
against a short-circuit in the battery, the external circuit may breaks down. 
40 [0101] Thus, by providing the open-circuit means 901 , it Is easily achieved to reduce the rated current of the short- 
circuit means 102 and to protect an external circuit against a short-circuit in the storage battery apparatus 101 to which 
the external circuit is connected. 

[0102] Furthermore, similarly to the ennbodiment shown in Fig. 6, by inserting the short-circuit. condition controlling 

unit 601 between the short-circuit means 102 and the anomaly detection means 103, it is possible to respond to a com- 
45 plicated anomaly and a complicated reactions in the storage battery, which can secure the protection and the safety of 

the storage battery apparatus 101, and also avoid an unnecessary consumption of the accumulated energy. 

[0103] Thus, accortSr^ to the protection apparatus for a storage battery of this embodiment, it is possible to protect 

the storage battery apparatus 101 and an external circuit in all operational modes irrespective of the charge mode, the 

discharge mode, or the resting mode. 
so [0104] Moreover, it is possible to protect the storage battery apparatus 101 against a complicated anomalous state 

occurring in the storage battery apparatus 101 or an external circuit, and to also avoid an unnecessary consumption of 

the accumulated energy. 

[0105] Fig. 10 shows a schematic composition of a total system including the protection apparatus for a storage bat- 
tery of a sixth embodiment according to the present invention and external systems sending power to or receiving 
55 power from the battery. In this figure, numerals 1001, 1002. and 1003 indicate a charge / discharge apparatus, a con- 
nected system switching unit, an AC power source, respectively Moreover, numerals 1004 and 1005 indicate a load 
system and an inverter / converter unit. 

[0106] The charge / discharge apparatus 1001 is mainly composed of the inverter / converter unit 1005. the short- 
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circuit means 1 02, the open-circuit means 901 , the voltage detector 1 07, the current detector 1 06, and the short-circuit 
condition controlling unit 607. 

[0107] Also, one terminal circuit of the charge /discharge apparatus 1001 is connected to the AC power source 1003 
and the load system 1004 via the connected system switching unit 1002. The other terminal circuit of the apparatus 
5 1001 is further connected to the storage battery apparatus 101 . 

[0108] When the storage battery apparatus is charged, firstly, the connected system switching unit 1002 electrically 
disconnects the load system 1004, and connects the AC power source 1003 and the charge / discharge apparatus 
1001. 

[01 09] Next, the input AC power Is converted to DC power by the inverter / converter apparatus 1 001 . In this figure. 
w the inverter / converter apparatus 1001 is composed of four IGBTs, four fly-wheel diodes, a reactor, and a smoothing 
capacitor, and it converts the input AC power to DC power by using a rectifying circuit consisting of the fly-wheel diodes 
and the rectifying function of the PWM converter in which higher harmonic components due to the AC power are 
smoothed. 

[01 1 0] The voltage of the converted DC power is decreased to the rated voltage of the storage battery apparatus 101 
15 by using the open-circuit means 901 , the short-circuit means 101 , and the reactor, and the storage battery apparatus 

101 is charged by the obtained DC of which the voltage is decreased. 

[01 1 1 ] When decreasing the voltage of the DC power, in the short-circuit means 1 02 composed of the IGBTs and the 
fly-wheel diodes, the IGBTs are always turned off. and the fly-wheel diodes are alternately turned on and off. On the 
other hand, in the open-circuit means 901 composed of the IGBTs and the fly-wheel diodes, the IGBTs are alternately 
20 turned on and off. and the fly-wheel diodes are always turned off. That is, the short-circuit and open-circuit means 102 
and 901 function as a voltage decreasing chopper for decreasing the voltage to the rated voltage of the storage battery 
apparatus 101. 

[01 1 2] Moreover, the voltage detector 1 07 and the current detector 106 are also used to check for whether or not the 
charge voltage and current match the rated values of the storage battery apparatus 101. and to feed back the result of 

25 the check to the chopping operation for the voltage-decreasing. 

[0113] Furthermore, the short-circuit controlling unit 607 controls the switching operation of the connected system 
switching unit 1002, the function of the PWM converter in the inverter / converter 1005, the chopping operation for the 
voltage-decreasing performed by the short-circuit and open-circuit means 102 and 901, in addition to controlling the 
short-circuit and open-circuit conditions. 

30 [0114] On the other hand, in the discharge mode, the connected system switching unit 1002 electrically disconnects 
the AC power source 1003, and connects the load system 1004 and the charge / discharge apparatus 1001 . 
[01 1 5] Moreover, the output voltage of the storage battery apparatus 1 0 1 is increased to a required value in the load 
system 1004 by using the short-circuit and open-circuit means 102 and 901, and the reactor, the output DC power is 
inverted to AC power used in the load system 1004 by the inverter / converter unit 1005. 

35 [0116] In increasing the voltage, the IGBTs in the open-circuit means 901 are always turned off. and the fly-wheel 
diodes are alternately switched on and off. On the other hand, the IGBTs in the short-circuit means 102 are alternately 
switched on and off, and the fly-wheel diodes are always turned off. That is. the short-circuit and open-circuit means 

102 and 901 function as a voltage increasing chopper for increasing the voltage to a required voltage used in the load 
system too. 

40 [01 1 7] Moreover, the voltage detector 1 07 and the current detector 1 06 are also used to check for whether the charge 
voltage and current matches the required values used in the load system 1 004 and feed-back the result of the check to 
the chopping operation for voltage-Increasing. 

[0118] Furthermore, in addition to controlling the short-circuit and open-circuit conditions, the short-circuit corrtroliing 
unit 607 controls the switching operation of the connected system switching unit 1 002, the PWM inverter function in the 
45 inverter / converter 1005, the chapp in g operation for voftage-increasing performed by the short-circuit 102 areS the OR 
gate70T. 

[01 1 9] Lastly, in the resting ssaie of the ciiarge / c&scterge apparatus 1 00 1 , the connected system switching unit 1 002 
connects the AC power source 1003 arxi the load system 1 004, arra disconnects the load system 1 004 trom the charge 
/ discharge apparatiB 1001 . Thus, power is fed to the load s^tem 1004 trom the AC power source. 
EC [0120] In another case, the connected system switching unit 1 002 separates the AC power source 1003, the load sys- 
tem 1004. and the charge / discharge apparatus 1001 , from each other Thus, all the system and the apparatuses are 
turned in the resting state. 

[0121] Here, the short-circuit controlling unit 607 can performs all the above- explained controls only by itself. 
[01 22] In each operational mode of the system shown in Fig. 10. if an anomaly occurs in the input / output part of the 
55 storage battery apparatus 1 01 , the open-circuit means is first turned to the open-circuit state In which the external sys- 
tem is disconnected from the storage apparatus 101 . Accordingly, the storage battery apparatus 101 and the external 
system can be protected. 

[0123] In the above situation, It is preferable that the inverter / converter unit 1005 is turned off from the point of view 
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of saving power. However, if it is not desirable to immediateiy stop the load system 1004. the load system 1004 can be 
operated by the Inverter / converter unit 1005 while using the power stored In the smoothing capacitor for a definite 
period. Moreover, during the operation of the load system 1004 carried out by using the power stored In the smoothing 
capacitor, it is possible to first connect the AC power source 1003 and the load system 1004. next disconnect the load 
system 1004 from the charge / discharge apparatus 1001 . and operate the load system 1004 with the AC power source 
1003, with a sufficient margin of time. 

[01 24] Thus, the reliability of the total system can be improved. 

[01 25] On the other hand, if an anomaly occurs inside the storage battery apparatus 101 , the short-circuit means 102 
shorts the output circuit of the storage battery apparatus 101 to discharge the energy accumulated in the storage bat- 
tery apparatus 101. Thus, it becomes possible to secure the protection or the safety of the storage battery apparatus 
101 without causing the highly dangerous accident such as a rupture or an explosion. 

[0126] Furthermore, the short-circuit condition controlling unit 607 which supervises controlling of the total system 
and the short-circuit conditions can discharge a part of the energy accumulated in the storage battery apparatus 101 
and store the rest by controlling the short-circuit means 1 02 according to the kind of anomaly (anomalous changes of 
current, voltage, temperature, frequency, and pressure, etc.,) the weight or the priority assigned to each kind of anom- 
alies. Thus, an unnecessary consumption of the accumulated energy can be reduced while securing the protection or 
the safety of the storage battery apparatus 101 . 

[0127] Thus, according to the protection apparatus for a storage battery o1 this embodiment, it is possible to protect 
the storage battery apparatus 101 and the external systems in all operational modes irrespective of the charge mode, 
the discharge mode, or the resting mode, and to also improve the reliability of the total system. 
[0128] Moreover, it is also possible to secure the protection or the safety against a complicated anomaly occurring in 
the storage battery apparatus 101 or the external systems, and to further reduce an unnecessary consumption of the 
accumulated energy. 

[0129] Furthermore, in this embodiment the short-circuit means 102, the anomaly detection means 103. the short- 
circuit controlling unit 607. and the OR gate 701 are commonly used as a part of the composition of the charge / dis- 
charge apparatus 1001 . Therefore, the number of parts or the size of circuits is decreased, and it is also possible to 
downsize the system and to reduce the cost of fabricating the system. 

[01 30] Fig. 1 1 shows a schematic composition of the protection apparatus for a storage battery of a seventh embod- 
iment according to the present invention. In this figure, numeral 1101 indicate a Zener diode. Also, the terminal A 104 
and the terminal B 105 are used as the positive and negative electrode terminals, respectively. The cathode and anode 
terminals of the Zener diode 1101 are connected to the terminals A 104 and B 105, respectively. 
[0131] The Zener diode 11 01 functions as a diode in the range of a definite negative voltage to a definite positive volt- 
age, and both the terminals of this diode are shorted outside the range. Each boundary voltage in the above range is 
called the break-down voltage inside which the diode function as a diode and outside which the diode is turned to the 
short-circuit state. 

[0132] Therefore, if the break-down voltage of the Zener diode 1 101 is set to the over-vottage level, this Zener diode 
1101 can perform all the anomaly-voltage detection, the short-circuit, and the setting function of short-circuit conditions, 
only by itself. 

[0133] Thus, it is possible to short both the terminals A 104 and B 1 05, bypass the energy input into the storage t>at- 
tery apparatus 10,1, and maintain the safe voltage while discharging the accumulated energy, even if the anomaly of 
over-vottage occurs in all operational modes irrespective of the ctiarge mode, the discharge mooe, or the resting mode. 
[01 34] Thus, according to the protection apparatus for a storage tallery of this ennbodimeni, c s jxassfeile to substan- 
tially protect the storage battery apparatus 101 and secure the safety in all operational modes ir r espe ctive of the charge 
mode, the discharge mode, or the resting nrode. 

[0135] Moreover, aii of the anomaJy-vottage detection, the short-circuit arwi the short-drcuit condition setting can be 
inplemented by one Zener diode, which decreases the number of parts and circuits arrci reduce the cost of fabricatinc 
the protection a ppa ratus. 

[0136] Rg. 12 shows.a schematK; composition of the protection apparatus for a storage battery of an eighth embod- 
iment according to the present invention. In this figure, numeral 1201 indicates a piezoelectric actuator. The piezoelec- 
tric actuator 1201 is inserted :between the terminals A 104 and B 105. 

[0137] The piezoelectric actuator 1201 is composed of a piezoelectric element and a switch. This piezoelectric ele- 
ment expands or contracts in a definite direction when voltage is applied to this element. The switch is opened or closed 
according to this expansion or contraction of the piezoelectric element. Therefore, in this embodiment, the direction and 
the amount of expansion or contraction of this element is set so that the switch is closed if the voltage of the storage 
battery apparatus 101 exceed the over-voltage level. 

[0138] By setting the direction and the amount of expansion or contraction of this element as mentioned above, the 
piezoelectric actuator 1201 shorts both the terminals A 104 and B 105 if the voltage of the storage battery apparatus 
101 exceed the over-voltage level, othenwise, it does not shorts both the electrodes. Also, the piezoelectric actuator 
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1201 can perform all of the anomaly-voltage detection, the short-circuit, and the setting function of short-circuit condi- 
tions. 

[0139] Thus, the piezoelectric actuator 1201 shorts both the terminals A 104 and B 105. bypasses the energy input 
into the storage battery apparatus 101 , artd maintains the safe voltage while discharging the accumulated energy, even 
5 if the anomaly of over-voltage occurs in all operational modes irrespective of the charge mode, the discharge mode, or 
the resting mode. 

[0140] Thus, according to the protection apparatus for a storage battery of this embodiment, it is possible to substan- 
tially protect the storage battery apparatus 101 and secure the safety in all operational modes irrespective of the charge 
mode, the discharge mode, or the resting mode. 
10 [0141 ] Moreover, all of the anomaly-voltage detection, the short-circuit, arKi the setting function of short-circuit condi- 
tions can be implemented by one Zener diode, which decreases the number of parts and circuits and reduce the cost 
of fabricating the protection apparatus. 

[0142] Fig. 1 3 shows a schematic composition of the protection apparatus for a storage battery of a ninth embodiment 
according to the present invention. In this figure, numeral 1301 indicates a converting device for converting current to 
15 voltage. 

[0143] The converting device 1301 and the open-circuit means 901 are serially inserted In the terminal B 105, and 
the short-circuit means 102 is provided between the open-circuit means 901 and the terminal B 105, and the terminal 
A 104. Moreover, the open-circuit means 901 is driven according to the output of the converting device 1301. 
[0144] Naturally, it is possible to insert the converting device 1301 in the terminal A 1 04. 

20 [0145] The converting device 1 301 is composed of a resistor and an amplifier for amplifying the voltage generated by 
current flowing in the resistor. Also, as the converting device 1301 , it is possible to use an element capable of converting 
current to voltage such as a current transformer or a Hall generator. If the converting device 1301 cannot output the driv- 
ing voltage necessary to drive the open-circuit means 901, the open-circuit means 901 can be easily driven by increas- 
ing the converted voltage with an amplifier, 

25 [0146] Moreover, the short-circuit and open-circuit means 102 and 901 are respectively composed by using a piezo- 
electric actuator. The piezoelectric actuator used as the short-circuit can change the short-circuit resistance by chang- 
ing the deforming amount due to the voltage applied to the piezoelectric actuator. 

[0147] If the input or output current of the storage battery apparatus 101 reaches the anomalous level, the current 
value is converted to the voltage value, and the voltage capable of turning off the piezoelectric actuator 1301 Is applied 
30 to the actuator 1301. Thus, the storage battery apparatus 101 is electrically disconnected from external circuits, and 
protected. 

[0148] Furthermore, if the voltage of the storage battery apparatus 101 exceeds the over-voitage level, the short-cir- 
cuit means 102 shorts both the terminals A 104 ard B 105, and if voltage of the storage battery apparatus 101 again 
decreases under the over-voltage level, the short-circuit means 102 stops the short-circuit operation. Thus, the storage 
35 battery apparatus 101 is protected, and its safety is secured. Moreover, the short-circuit resistance is automatically set 
to a predetamined optim al value determined according to the deforming amount of the piezoelectric actuator. itiaX is, 
according to the ventage apQiied t)etween the lermir^s A 1 04 arxl B 1 05. Accordingly, rt is realized to protect the storage 
t^attey ap^ i taiat L g 1C1 more aoequately and safely. 

I0149Q Thus, according to the protection apparatus for a storage t>attery of tr^ embocfiment, rt Is possible to sutsstan- 
<^ tsa&y pioUiCt tte storage tsattery ap^raius 1 01 and secure the safety tn all c pei atf OiH rf modes nrespective of the ciiarge 
mode, the discharge mode, or the resting mode Mcs'eaver. it can be realized to decreases tne number of parts and cir- 
cuits and reduce the cost of fabricating the proKson apparatts. 

[0150] Furthermore, since the plezoeteiric actuator performs the voltage detection, ttie short-circuit operation, and 
the setting function of short-circuit concfitions, ami changes tiie short-drcutt resistance, the optima l and safe protection 
-J5 can be realized. 

[01 51 ] Fig. 1 4 shows a schematic conposition of the protection apparatus for a storage battery of a tenth embodiment 
according to the present invention. In this figure, numeral 1401 is a NTC element. This NTC element 1401 is inserted 
between both the terminals A 104 and B 105. 

[0152] The resistance of the NTC element 1401 decreases when its temperature increases. Here, it is possible to 
£0 select the NTC element 1401 such that if the temperature in the storage battery apparatus 101 exceeds a permitted 
level, its resistance decrease, the terminals A 104 and B 105 are shorted with the resistance which has optimally 
changed. Accordingly, the protection to the high temperature can be attained Also, the NTC element 1401 can perform 
all of the temperature detection, the short-circuit operation, and the setting function of short-circuit conditions, and fur- 
ther continuously change the short-circuit resistance according to its temperature. 
55 [01 53] Since the NTC element 1 401 is an element sensitive to temperature, it does not need the external energy. Also, 
the NTC element 1401 can realize the protection of the storage battery apparatus 101 to the high tenperature in all 
operational modes irrespective of the charge mode, the discharge mode, or the resting mode. 
[0154] Thus, according to the protection apparatus for a storage battery of this embodiment, it Is possible to protect 
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the storage battery apparatus 101 against the high temperature and secure its safety in all operational modes irrespec- 
tive of the charge mode, the discharge mode, or the resting mode. 

[0155] Also, the NTC element 1401 can perform all of the temperature detection, the short-circuit operation, and the 
setting function of short-circuit conditions, and further continuously change the short-circuit resistance, which can 
5 decrease the number of parts and circuits, and reduce a fabrication cost of the storage battery apparatus 101 . 

[01 56] Fig. 15 shows a schematic composition of the protection apparatus for a storage battery of an eleventh embod- 
iment according to the present Invention. In this figure, numeral 1501 Is a bimetallic element. The bimetallic element 
1501 is inserted between both the terminals A 104 and B 105. 

[0157] The bimetallic element 1501 is a multl-layer-metal element fabricated by sticking metal layers with different 
10 thermal expansion coefficients, and it changes its shape in response to its temperature. Accordingly, it Is possible to 
select the bimetallic element 1 501 such that if the temperature in the storage battery apparatus 1 01 exceeds a permit- 
ted level, the element 1 501 shorts the terminals A 1 04 and B 105 by changing its shape, and the short-circuit resistance 
Is optimally changed. Also, the bimetallic element 1501 can perform all of the temperature detection, the short-circuit 
operation, and the setting function of short-circuit conditions, and further continuously change the short-circuit resist- 
15 ance. 

[0158] Although the bimetallic element 1501 is connected to the terminal B 105 in Rg. 15. it is naturally possible to 
connect the bimetallic element 1501 to the terminal A 104. 

[0159] Since the bimetallic element 1501 is an element sensitive to temperature, H does not need the external energy. 
Also, the bimetallic elemertt 1401 can realize the protection of the storage battery apparatus 101 against the high tem- 
20 perature in all operational modes Irrespective of the charge mode, the discharge mode, or the resting mode. 

[0160] Thus, according to the protection apparatus for a storage battery of this embodiment, it is possible to protect 
the storage battery apparatus 101 against the high temperature and secure its safety in all operational modes Irrespec- 
tive of the charge mode, the discharge mode, or the resting mode. 

[0161] Also, the bimetallic element 1501 can perform all of the temperature detection, the short-circuit operation, and 
25 the setting function of short-circuit conditions, and further continuously change the short-circuit resistance, which can 
decrease the number of parts and circuits, and reduce a fabrication cost of the storage battery apparatus 101 . 
[0162] Fig. 16 shows a schematic composition of the protection apparatus for a storage battery of a twelfth embodi- 
ment according to the present invention. 

[0163] The open-circuit means 901 is serially inserted in the terminal B 105, and the short-circuit means 102 is pro- 
30 vided between the open-circuit means 901 and the terminal B 105, and the thermal A 104. The open-circuit and short- 
circuit means 901 and 102 are respectively composed by using a bimetallic element. Here, it is possible to select these 
bimetallic elements such that if the temperature in the storage battery apparatus 1 01 exceeds a permitted level, the ele- 
ments shorts the terminals A 104 and B 105 or open the output circuit of the terminals A 104 and B 105 by changing 
their shapes, and the short-circuit resistance is optimally changed. Also, the bimetallic elements can perform all of the 
35 temperature detection, the short-circuit operation, and the setting function of short-circuit conditions, and further con- 
tinuously change the short-circuit resistance. 

[0164] Moreover, by adjusting the resistance of the open-circuit means 901 so that the heat generation due to current 
flowing in the opervcffcuit means 901 . the increase of its temperature, and the deformation amourtt of the bimetallic ele- 
merrt are optimized, it is possible to protect the storage battery apparatus 101 against an over-current anomaly. 
40 [0165] Since the bimetallic elements are an element sensitive to temperature, they do not need the extemal energy. 
Also, the binr>etallic elements can realize the protection of the storage oattery apparatus 101 and external circuits to a 
high terrp&alure anomaly and an over-current anomaly in all operatiorrat modes Irrespective of the charge mode, the 
discharge mode, or the resting mode. 

[0166] Atthough the open-circuit means 901 is provided in the terminai B 1 05 in Rg. 1 6. it is naturally possible to pro- 

45 vide the oper>-circuit means 901 in the tennina l A 104. 

[0167] Thus, accorcfir^ to the protection apparsius for a storage battery of this embodiment, it Is possible to protect 
the storage battery apparatus 101 and external circuits against a high temperature anomaly and an over-current anom- 
aly, and secure the safety in the apparatus and the exterrol circuits in ail operational modes irrespective of the charge 
mode, the discharge mode, or the resting mode. Furthermore, it is possible to decrease the number of parts and cir- 

50 cuits. and reduce . a fabrication cost of the storage battery apparatus 101. 

[0168] Also, the bimetallic elements can perform atl of the temperature detection, the short-circuit operation, and the 
setting function of short-circuit conditions, and further continuously change the short-circuit resistance. Accordingly, the 
optimal and safe protection can be realized. 

[01 69] Fig. 1 7 shows a schematic composition of the protection apparatus for a storage battery of a thirteenth embod- 
55 iment according to the present invention. In this figure, numeral 1 701 indicates a pressure-switch. 

[0170] The pressure-switch 1701 consists of a member changing Its shape according to the pressure change, a 
switch composing the open-circuit means 901. and a switch composing the short-circuit means 102 provided between 
and the terminals A 104 and B 105. 
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[01 71 ] This pressure-switch 1 701 opens the terminal B 1 05 and shorts the terminals A 1 04 and B 1 05 if the pressure 
in the storage battery apparatus 101 exceeds a permitted level. Thus, It is possible to attain the protection of the storage 
battery apparatus 101 and external circuits to the high internal pressure. Also, the pressure-switch 1701 can perform 
ail of the temperature detection, the short-circuit operation, and the setting function of short-circuit conditions. 
5 [0172] The pressure necessary for the short-circuit or open-circuit operation can be arbitrarily set by changing mate- 
rial used as the member in the pressure switch 1701 and the displacement of the switches. 

[0173] Furthermore, the pressure switch 1 701 can operate independently, and it is possible to protect the storage bat- 
tery apparatus 101 against a high internal pressure anomaly in all operational modes irrespective of the charge mode, 
the discharge mode, or the resting mode. 
10 [0174] Although the open-circuit means 901 is provided in the terminal B 105 in Fig. 17, it is naturally possible to pro- 
vide the open-circuit means 901 in the terminal A 104. 

[0175] Thus, by using the protection apparatus for a storage battery of this embodiment, the storage battery appara- 
tus 101 and external circuits can be protected against a high internal pressure anomaly, and the safety of the apparatus 
and the external circuits can be secured in all operational modes irrespective of the charge mode, the discharge mode, 
15 or the resting mode. Moreover, the number of parts and circuits can be decreased, and a fabrication cost of the storage 
battery apparatus 101 can be also reduced. 

[0176] Fig. 18 shows a schematic composition of the protection apparatus for a storage battery of a fourteenth 
embodiment according to the present invention. In this figure, numerals 1801 and 1802 indicate short-circuit terminal 
sheets A and B, respectively. Moreover, the short-circuit terminal sheets A and B are connected to the terminals A 104 
20 and B 105, respectively. Furthermore, the sheets possesses their shapes such that they sandwich each other vertically 
or horizontally via a spacing interval. 

[0177] Accordingly, when an anomalous stress is caused by the strong external force applied to the storage battery 
apparatus 101 . the shapes of the short-circuit terminal sheets A and B are changed, and the terminals A 1 04 and B 105 
are shorted. 

25 [0178] The stress level for the short-circuit operation of the sheets A and B can be arbitrarily set by adjusting the 
strength of the short-circuit terminal sheets A and B and the spacing interval. 

[0179] Since the above-explained composition does not need the external energy for shorting both the terminals A 
1 04 and B 1 05, it is possible to realize the protection of the storage battery apparatus 1 01 to an anomalous stress in all 
operational modes irrespective of the charge mode, the discharge mode, or the resting mode. 
30 [0180] Thus, according to the protection apparatus for a storage battery of this embodiment, it is possible to protect 
the storage battery apparatus 1 01 and external circuits against an anomalous stress, and secure the safety in the appa- 
ratus and the external circuits in all qDerational modes irrespective of the charge mode, the discharge mode, or the rest- 
ing mode. Furthermore, it is possible to decrease the number of parts and circuits, and reduce a fabrication cost of the 
storage battery apparatus 101. 

35 [0181 ] As mentioned above, in accordance with the protection apparatus for a storage battery of the present invention, 
it is possible to protect the storage battery apparatus 101 and external circuits, and secure the safety in the apparatus 
and the external circuits in all operational modes irrespective of the charge mode, the discharge mode, or the resting 
mode. Moreover, while the protection apparatus for a storage battery and the battery can be repeatedly used after the 
anomaly was stabilized, the safety can be also improved. Accordingly, the reliability of a total system using this protec- 

40 tion apparatus for a storage battery can be also greatly improved. 

[0182] Also, by discharging the accumulated energy as a little as possible in the protective operation, the efficient pro- 
tection can be realized, and it is also possible to correspond to a complicated anomaly occurring in the storage battery 
apparatus 101 and external circuits. 

[0183] Furthermore, by using a voltage sensing element or a temperature sensing element it becomes to commonly 
45 using the short-circuit means, the anomaly detection means, the short-circuit condition controlling unit, and the open- 
circuit means as a part of the charge / discharge apparatus, can be commonly implemented, which can decrease the 
number of parts and of circuits, and reduce the size of the storage battery apparatis 101 and its fabrication cost 
[0184] In addition, the safety is reiiabty secured, and the operationat fiexibiiity is greatly improved by the simplification 
of the protection apparatus. 

so [01 85] Especially. the:protection apparatus for a storage battery according to the preserti invention is effective for a 
storage battery such as a lithium secondary battery or an electric doufc>ie layer capacitor for which the reliable protection 
and the high safety is required, a storage battery which is separately usKi. and a total system using a storage battery 
for which the high reliability is required. 

55 Claims 

1 . Protection apparatus for storage battery for storing and feeding power, said protection apparatus comprising: 
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anomaly detection means (103) for detecting an anomalous state in at least one of the voltage, a current flow, 
and the frequency in at least one of an input power and an output power of said storage battery, the tempera- 
ture and the pressure in said storage battery, and an external force applied to said storage battery; and 
short-circuit means (102) for shorting both electrodes (104. 105) of said storage battery when an anomaly is 
detected in at least one of said input power, said output power, and said storage battery. 

Protection apparatus according to claim 1. further comprising a short-circuit condition controlling unit (607) for con- 
trolling at least one of a short-circuit current flow, the voltage, and a short-circuit resistance between both said elec- 
trodes (104. 105). 

Protection apparatus according to claim 2, wherein said short-circuit condition controlling unit controls said short- 
circuit current flow between said electrodes inversely as the temperature of one of said storage battery and said 
short-circuit means. 

Protection apparatus according to claim 2, wherein said short-circuit condition controlling unit controls so that said 
electrodes is shorted if the temperature of at least one of said storage battery and said short-circuit means exceeds 
a first level, and an open-circuit operation for said electrodes is performed if the temperature of at least one of said 
storage battery and said short-circuit means exceeds a second level higher than said first level. 

Protection apparatus according to claim 2, wherein said short-circuit condition controlling unit controls so that an 
open-circuit operation for said electrodes is performed if said short-circuit current flow exceeds a predetermined 
level. 

Protection apparatus according to one of claim 1 and claim 2. further including open-circuit means (901) for discon- 
necting an external system from said storage battery according to an anomalous state detected in at least one of 
said input power, said output power, and said storage battery. 

Protection apparatus according to one of claim 1 and claim 2, said protection apparatus being incorporated in a 
charge / discharge apparatus (1001). 

Protection apparatus according to claim 1 . wherein a Zener diode (11 01 ) Is used commonly for said anomaly detec- 
tion means for detecting an anomalous state in the voltage of said storage battery and said short-circuit means for 
shorting said electrodes, said short-circuit means further controlling said short-circuit current flow between said 
electrodes. 



9. Protection apparatus according to claim 1. in which a piezoelectric actuator (1201) is used for said short-circuit 
means, wherein said short-circuit means performs a short-circuit operation for said electrodes based on the voltage 
of said storage battery in an anomalous voltage state occumng in said storage battery, opens a circuit between said 
electrodes if said voltage is lower a predetermined level, and shorts said electrodes if said voltage is higher a pre- 

40 determined level. 

10, Protection apparatus according to claim 1, in which a piezoelectric actuator is used for said anomaly detection 
means, wherein said anomaly detection means includes a resistor to convert cun^ent flowing in said electnades to 
voltage, and perfonms disconnection / connection between an extemal system and said storage battery based on 

45 said cun-ent converted to said voltage in an anomalous cun-ent state. 
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Protection apparatus according to daim 1, wherein a NTC (negative t em peia m re co^noent) eiCTwit (1401) is 
used.for said short-circuit means functi oniny in an anomalous tenperature staffi occumng m sans storage ±>attery. 

50 12. Protection apparatus accoruirig to claim 2, wherein said short-circuit means includes. a NTC element and a PTC 
(positive thermal coefficient) serially connected to each other to control said short-circuit current flow between said 
electrodes based on the temperature of one of said storage battery and said short-circuit means. 

13. Protection apparatus according to claim 1, wherein a bimetallic element (1501) is used for said short-circuit means 
55 functioning In an anomalous temperature state occurring in said storage battery. 

14. Protection apparatus according to claim 6, wherein a bimetallic element Is used for said short-circuit means and 
said open-circuit means, said short-circuit means shorting said electrodes if the temperature of said storage battery 
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is lower than a predetermined level and said open-circuit means disconnecting an external circuit from said storage 
battery if the temperature of said storage battery is higher than a predetermined level in an anomalous temperature 
state occurring in said storage battery 

15. Protection apparatus according to claim 1, in which a pressure switch (170) is used for said short-circuit means 
which shorts said electrodes if the pressure in said storage battery is higher a predetermined level, and used for 
open-circuit means which disconnects an external circuit from said storage battery if said pressure is lower a pre- 
determined level, in an anomalous pressure state occurring in said storage battery. 

16. Protection apparatus according to claim 1, wherein said short-circuit means includes first and second groups of 
short-circuit terminal sheets (1802A, B) connected to the positive and negative electrodes, respectively, each sheet 
of said first group and each sheet of said second group alternately sandwiching each other vertically or horizontally 
via a predetermined spacing interval, whereby said electrodes are shorted when an anomalous stress occurs in 
said storage battery 
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Protection apparatus for a storage battery 
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